To examine effects of diabetes mellitus (DM) on survival in gastric or esophageal (GE) cancer and the cancers' effects on glycemic control. Materials & methods: Patients with GE cancer with and without DM were matched 1 to 1 (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016). Characteristics were compared and survival assessed with Kaplan-Meier method and Cox regression. Mixed models compared hemoglobin A 1c and glucose over time. Results: Among DM cases, mean hemoglobin A 1c was 6.8% in the year after cancer diagnosis. Three-year overall survival was 46% with DM versus 52% without DM (hazard ratio [95% CI]: 1.95 [1.14-3.34]; p = 0.02). Conclusion: GE cancer and its treatment did not affect glycemic control. Risks of death and progression were greater for patients with DM than patients without DM.
Although the incidence of gastric cancer has decreased over the past decade, approximately 26,240 cases will have been diagnosed in 2018 in the USA, and approximately 10,800 people are projected to die as a consequence [1] . The incidence of esophageal cancer has also decreased slightly over the past decade. Nonetheless, 17,290 new cases of esophageal cancer will have been diagnosed in the USA in 2018, and 15,850 people were expected to die of it [1] . Adenocarcinoma accounts for most of the esophageal cancers diagnosed in the USA [2] . Obesity is a risk factor for esophageal adenocarcinoma and may be a risk factor for gastric cancer [3, 4] . Studies are inconclusive about whether diabetes mellitus (DM) is associated with an increased risk of gastric cancer [5, 6] .
In some studies, DM has been associated with an increased risk of esophageal cancer [7, 8] . However, other data suggest that DM is not associated with a higher incidence of gastric cancer and that the incidence of esophageal cancer is lower for patients with DM [9] . Nonetheless, shared risk factors (e.g., obesity, inflammation, hyperinsulinemia, insulin resistance) exist between these two cancers and DM, making it plausible that the latter could in some way influence the incidence or outcomes, or both, of gastric or esophageal (GE) cancers [7, 10] .
In a series of separate analyses, the authors previously examined the interaction between different solid tumors (breast, prostate, lung, colorectal and pancreas) [11] [12] [13] [14] [15] with DM. Unlike other reports in the literature that examined how DM affects survival for cancer patients, the authors used a matched case-control methodology where cancer patients without DM (controls) were compared with those with DM (cases). A common result thus far has been that DM did not affect survival in these cancers and that the presence of the cancer did not worsen glycemic control.
Given the different pathophysiologic characteristics and behavior of the different cancer types, continued effort is important to extend these analyses to other types of solid organ cancers. Hence, comprehensive data for GE cancers and DM variables were gathered to investigate whether DM had affected survival of patients with GE cancers and to analyze whether GE cancers and their treatments had affected glycemic control. This paper was presented at the ASCO GI Cancer Symposium, CA, USA, January [17] [18] [19] 2019 , and published in abstract form in: J. Clin. Oncol. (2019); 37(4 Suppl.) 73.
Methods
Case selection was similar to that described in the authors' previous studies [11] [12] [13] [14] [15] . Briefly, institutional review board approval was obtained for the present retrospective case-control study. Electronic health records (EHRs) of patients with GE cancer newly diagnosed from 1 January 2006 to 31 December 2016 were obtained from the institutional cancer registry. In addition to demographic data, the registry contained the date of cancer diagnosis and the tumor stage. This initial data file was linked to EHRs to determine which patients had a diagnosis of DM during the study period. The authors excluded patients who received full or partial cancer treatment at another institution or had another cancer preceding their GE cancer diagnosis. As previously described, patients with GE cancer and DM were matched (1 to 1 with use of the Greedy algorithm [16] ) to patients with GE cancer but no DM. Variables included in the matching algorithm were age, sex and year of GE cancer diagnosis.
Glucose and hemoglobin A 1c (HbA 1c ) values were derived from the institution's laboratory information system. The EHRs were then reviewed for the following additional detailed information: type of GE cancer treatment (e.g., surgical procedure, chemotherapy, radiation, targeted therapy) and data related to DM (e.g., date of DM diagnosis, type of DM therapy, DM complications).
Statistical analysis
The statistical analyses were similar to those used for the authors' previous studies [11] [12] [13] [14] [15] . Patient demographic and clinical characteristics were compared among patients who had GE cancer with or without DM. Continuous variables were compared with use of paired t-tests; categorical variables, with the McNemar test or Bowker test for symmetry. HbA 1c levels during the first year after GE cancer diagnosis were evaluated with a linear mixed model in DM cases only (HbA 1c values were unavailable for most patients without DM). A fixed effect for time (days) and a patient-specific random effect were included. A similar approach was used for modeling glucose values during that year. Fixed effects included days, designation of case or control, an interaction term (days × case-control designation) and patient-specific and matched pair-specific random effects. Optimal glycemic control was defined as a mean glucose value less than 126 mg/dl.
Overall survival (OS) was defined as the time from GE cancer diagnosis until death due to any cause. For OS, patients were considered censored at the last known follow-up date when death was not documented in the EHR. Progression-free survival (PFS) was defined as the time from GE cancer diagnosis until disease progression or death of any cause. Patients were considered censored at the last known date when they were alive if disease progression or death had not occurred. Three-year OS and PFS were estimated with the Kaplan-Meier method. A Cox proportional hazards regression model was used with the matched pairs as the strata variable. Sample size was based on the number of available cases from 2006 through 2016; it provided 80% power to detect a difference in hazard ratio of 2.2 or greater for OS. The p < 0.05 was considered statistically significant.
Statistical software (SAS version 9.4; SAS Institute Inc.) was used for analysis. Data are expressed as number (%) for categorical variables and as mean (SD) for continuous variables.
Results

Patient characteristics
In total, 92 matched pairs of patients (N = 184) were analyzed. Mean age of the entire cohort was 68 years, 91% were white, 78% were men and 53% had stage III or IV disease (Table 1) . Most patients were married (80%), had a history of smoking (current, 12%; former, 62%), were retired (51%) and had a European Cooperative Oncology Group score of 1 (75%). BMI was significantly different between the DM group and the non-DM group (p = 0.006). Alcohol use at the time of cancer diagnosis was more prevalent in patients without DM than those with DM (p = 0.02). No differences were detected between any other variable for the two groups.
Nearly all the patients with DM had their DM diagnoses before the GE cancer diagnoses (Table 2 ). In those instances where it was documented, the mean (SD) self-reported duration of DM diagnosis was 10.9 (7.40) years. Some patients (41/84, 48%) were receiving oral DM medications at the time of their GE cancer diagnosis. Of the 84 patients with DM, 25 (30%) were taking insulin either alone or in combination with oral agents. Only 20 patients (24%) changed their DM therapy within 1 year after the cancer diagnosis: eight patients switched to insulin treatment, six to diet, four to oral medicine and insulin and two to oral medication. Insulin use was at 32% within 1 year after the cancer diagnosis. Corticosteroids were taken by 54% of patients with DM and 52% without DM. DM complications were documented for only 16 (20%) of patients before cancer diagnosis. This percentage was stable within the first year after cancer diagnosis. Among patients with GE cancer and documentation, 95 (57%) received chemotherapy and 71 (43%) received radiation therapy (Table 3) . 
GE cancer effect on DM & metabolic control
The HbA 1c data measured within 1 year after GE cancer diagnosis were available for 50 patients with DM ( Figure 1A ). For these patients, the mean (SD) HbA 1c level was 6.8% (1.3%), and 20 (40%) had at least one HbA 1c measurement of 7.0% or greater. Mean glucose was significantly different between the DM and non-DM groups (149 mg/dl vs 116 mg/dl; p < 0.001). For glucose, a significant interaction effect (p = 0.005) was observed as patients with DM showed a decrease in glucose values over time compared with patients without DM ( Figure 1B ).
DM effect on GE cancer survival
Three-year (95% CI) OS (median follow-up, 35 months) was estimated at 46% (36-58%) for patients with DM versus 52% (41-64%) for those without DM (Figure 2 ). Three-year (95% CI) PFS was estimated at 40% (31-53%) for patients with DM compared with 50% (40-63%) for those without it (Figure 3 ). Hazard ratio (using stratification for matched pairs) for OS was 1.95 (95% CI: 1.14-3.34; p = 0.02); for PFS, 1.74 (95% CI: 1.04-2.90; p = 0.03).
Discussion
More data regarding individual patient outcomes are needed on the interaction of DM and solid cancerous tumors. The authors previously have investigated the effects of several different solid tumors -breast, prostate, lung, colorectal and pancreatic tumors -and DM on patient outcomes [11] [12] [13] [14] [15] . In all these matched case-control studies, DM did not affect survival of patients (typically monitored for nearly 5 years), and the cancer did not affect glycemic control in patients with DM over a 1-year period after a cancer diagnosis. The results of the present study show that GE cancer does not affect glycemic control negatively, but that risks of death and disease progression are greater for patients with DM than patients without DM. Patients with gastric cancer and DM have a high mortality risk [17] . An even higher mortality risk has been reported in cases of gastric cancer with metabolic syndrome, especially hyperglycemia [18] . Some data suggest that a preoperative elevated glucose level corresponds with poor survival for patients with esophageal squamous cell cancer [19] . Certain comorbidities, such as atrial fibrillation and hypothyroidism, have affected esophageal cancer survival [20] . Among patients with esophagectomy for squamous cell cancer, OS is shorter for patients with DM and weight loss [21] .
Unlike the authors' prior analyses, the risks of death and disease progression in the present case-control study were greater for patients with DM than patients without it. Nutritional compromise and diminished immunocompetence in patients with DM may be contributing factors to these findings. In addition, an undiscovered biomarker or metabolic factor may selectively alter the mortality rate in DM versus no DM. Furthermore, patients with DM and GE cancer may have more DM complications. Given that DM complications are not documented consistently, the DM complication rate may have been underestimated in this study. Finally, it is also possible that patients with GE cancer and DM received less aggressive therapy from their treating physicians. This is a phenomenon recognized in the literature [22] .
Typically, GE cancers are lumped together because of close anatomical proximity and historical precedence. However, GE cancers have distinctive histologic features and molecular footprints. A comparative molecular analysis of esophageal squamous cell cancer, esophageal adenocarcinoma and gastric adenocarcinoma through next-generation sequencing has shown that each tumor has dissimilar expression of genes [23] . A larger sample size would be needed to determine whether expression of these genes is different in GE cancers with and without associated DM. Nonetheless, GE tumors in patients with DM may have a greater mutational load and a more aggressive molecular phenotype. This may be due to a milieu of chronic inflammation and the relative proportion and absolute quantity of hormones found in patients with DM (e.g., vasoactive intestinal peptide, glucagon-like peptide, insulin) that are active in the stomach and esophagus.
Our study has limitations. It is retrospective in nature, and its findings should be confirmed in a larger cohort over a longer period. Most patients were white, and thus results may be less applicable to patients of other ethnic and racial backgrounds. Finally, the cause of death was not available in the EHRs. Glycemic control was assessed at 1 year only, and therefore, would not account for any transient worsening that might have occurred during that 12-month period.
Results reporting that GE cancer does not affect glycemic control, at least at 12 months of follow-up, should be reassuring to practicing providers. However, future measures should be taken to explore and improve the increased risks of death and disease progression seen in patients with DM. These investigations could include medications used for DM or markers of immune function in patients with both DM and these cancers. Perhaps patients with DM and GE cancer would benefit from the more aggressive nutritional input along their treatment trajectory. At last, patients with DM and GE cancer might benefit from different systemic therapy regimens that concentrate more on checkpoint inhibitor therapy or targeted therapy (such as therapy based on vascular endothelial growth factor inhibitor) than from conventional cytotoxic chemotherapy.
Future perspective
These data add to the literature regarding the relationship between DM, cancer, death and glycemic control. With the findings of this study, providers can be reassured that the treatment of GE cancer does not negatively affect glycemic control among patients with DM. The risks of death and disease progression were greater in patients with GE cancer and DM than patients without DM. The mechanisms of this higher mortality rate in DM require further study.
Summary points
• The aim of the present case-control retrospective study was to evaluate the effect of diabetes mellitus (DM) on survival of patients with gastric or esophageal (GE) cancer and to determine whether GE cancer affects diabetes control.
• From an institutional registry, 184 patients with GE cancer were identified and grouped by the presence (n = 92) or absence (n = 92) of DM.
• The groups were matched for sex, age and year of GE cancer diagnosis.
• GE cancer did not affect glycemic control, and risks of death and disease progression were greater in patients with DM than patients without DM.
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